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(54) INFORMATION RECORDING APPARATUS 

(57) In an . information recording apparatus for 
recording infomiation onto a recording medium by utiliz- 
ing a technology in a near-field microscopep thie Infor- 
mation recording apparatus carries out recording witli 
reliability and density. An optical probe (1) or micro-can- 
tilever (12) utilized in a near-field microscope is used as 
a recording probe (26). The recording probe (26) at its 
tip is heated by laser light (28) illumination or heating by 
an electric heating element to radiate microscopic- 
region thermal energy through the tip to a recording 
medium (3). This makes it possible to record microscop- 
ically information onto the recording medium (3) that 
varies In physical properties due to heating. Further- 
more, thermal energy Is provided to a recording position 
through an auxiliary heat radiating means thereby ena- 
bling recording more positively. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to infomnation 
recording apparatuses for recording infornnatlon with a 
high density to recording nnedia and, more particularly, 
to an infomnation recording apparatus capable of 
recording information with a high density suited for 
reproducing through light utilizing near-field light. 

BACKGROUND OF THE INVENTION 

[0002] In the existing information recording devices, 
high density of information recording is realized by opti- 
cal recording as represented by a magneto-optical 
recording scheme and a phase change recording 
scheme. For example, in the magneto-optical recording 
scheme, laser light is applied onto a recording medium 
having a magnetic film formed on a surface thereof. The 
orientation of magnetization is controlled by the syner- 
gism of reduction of coercive force due to temperature 
rise at a spot of applied laser light and application of 
external magnetic field, thereby enabling binary record- 
ing. 

[0003] In the magneto-optical recording scheme, 
recorded information can be reproduced by iliuminating, 
to a recording medium, laser light weal<er in intensity 
than that in recording and then specifying an orientation 
of magnetization due to a state of polarization of a 
reflection or transmission light thereof. 
[0004] Meanwhile, in the phase change recording 
scheme, laser light is applied to a recording medium 
formed with a phase change film on a surface thereof. 
The temperature caused at a spot of the illuminated 
laser light is varied by varying the intensity of laser light 
to control in crystallizing and amorphosizing of the 
phase change film, thus enabling binary recording. 
[0005] In the phase change recording scheme, 
recorded infonnation can be reproduced by illumination 
with laser light weaker in intensity than that in recording 
to the recording medium and distinguishing between a 
crystalline phase and an amorphous phase due to an 
intensity of reflection thereof. 

[0006] The above-explained magneto-optical 
recording scheme and phase change recording scheme 
both realize high-density information recording and 
reproducing by the microscopic spot of laser light Con- 
sequently, the information recording density on a 
recording medium is limited to by a spot diameter 
obtained by focusing laser light. Accordingly, in the con- 
ventional infonnation recording apparatuses employing 
the magneto-optical recording scheme and the phase 
change recording medium, because a spot obtained by 
focusing laser light is utilized as propagation light, the 
spot diameter could not have been decreased smaller 
than a diffraction limit of laser light, Le. a half of a laser 
light wavelength. 



[0007] Under the circumstances, there is a proposal 
of an information recording method/apparatus for an 
optical memory in which laser light to be turned'to prop- 
agation light is applied toward a microscopic aperture 

5 having a diameter less than a wavelength of applied 
laser light, e.g. one-tenth of the wavelength, to utilize 
near-field light produced at the microscopic aperture 
(including both Evanescent field and far field). In this 
information recording method, a mechanism of achiev- 

10 ing information recording to a recording medium is basi- 
cally the same as the near-field producing system of an 
infonnation reproducing method/apparatus for repro- 
ducing recorded infonnation on the recording medium 
by utilization of near-field light. That is, the infonnation 

75 reproducing method/apparatus for an optical memory 
utilizing near-field light can be utilized at the same time 
as an information recording method/apparatus. 
[0008] Conventionally, there have been, as appara- 
tuses utilizing near-field light, near-field microscopes 

20 using a probe having a microscopic aperture as men- 
tioned above, utilized in observing optical characteris- 
tics on a microscopic region of a sample. As one of the 
near-field light utilizing schemes in the near-field micro- 
scopes, there is a scheme that a microscopic aperture 

25 of a probe and a sample surface is brought into proxim- 
ity in distance to nearly a diameter of the probe's micro- 
scopic aperture so that near-field can be produced at 
the microscopic aperture by introducing propagation 
light through the probe and toward the probe's micro- 

30 scopic aperture. In this case, the produced near-field 
light interacts with the sample surface to cause scatter- 
ing light to be detected involving an intensity or phase 
reflecting a microscopic structure on the sample surface 
by a scattered light detector system. This achieves an 

35 optical image observation with a resolution that has 
never been realized In the conventional optical micro- 
scopes. The optical memory information recording 
method utilizing near-field light as above utilizes an 
observation method for the near-field microscope. 

40 [0009] Accordingly, utilizing near-field light makes it 
possible to record on a microscopic information record- 
ing unit surpassing a recording density on the conven- 
tional information recording medium and to reproduce 
from the information recording medium thus recorded. 

45 Furthennore, as disclosed in Japanese Patent Laid- 
open No. 98885/1995 and Japanese Patent Laid-open 
No. 272279/1995, in information reproducing, the selec- 
tion of a probe shape having a microscopic aperture 
allows for selection of information unit in reproducing. 

50 Thus, there are proposals to achieve an increase of 
density in fonns not existing in the conventional infonma- 
tion recording media 

[0010] As discussed above, the infonnation 
recorded by the magneto-optical recording scheme is 
55 due to determination of a light polarization state of 
reflected or transmitted of the applied light and requires 
to pass the reflection or transmission light to a photode- 
tector. The loss of light in that case is large. Near-field 
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light in nature possesses merely an extremely low inten- 
sity. It is therefore difficult to employ a magneto-optical 
recording scheme in an optical memory information 
reproducing method utilizing near-field light. At the 
same time, also difficult is its adoption as an optical 5 
memory information recording method. 
[0011] Meanwhile, where a phase change record- 
ing method Is employed in an optical memory infomia- 
tion recording/reproducing method utilizing near-field 
light explained above, information recording must be 
made by a heat mode in which laser light energy is uti- 
lized by being transformed into themnal energy. How- 
ever, because the near-field light caused at a 
microscopic aperture is very weal< in energy, it is difficult 
to realize infomnation recording by a phase change 
recording scheme. Even where a sufficiently high inten- 
sity of laser light is introduced to a microscopic aper- 
ture, the microscopic aperture itself gives off heat, 
resulting in possible damage to the recording medium 
or the probe tip having a microscopic aperture or 
adverse effect upon a control system thereof. 
[0012] Also, when a probe having a microscopic 
aperture as above Is employed as an optical memory 
head, the access of the probe to a distance for utilizing 
near-field light on a recording medium usually utilize 
cantilever control and detection technology for the 
atomic force microscope (AFM). However, in the AFM 
technology utilization in the near-field microscope, the 
transfer of heat energy from the cantilever to a sample 
is not considered. Due to this, various problems arise in 
employing a magneto-optical recording scheme or a 
phase change recording scheme. For example, the 
near-field microscopes often use a cantilever formed by 
an optical fiber having a microscopic aperture and prop- 
agating light through the microscopic aperture. The 
cantilever type optical fiber has a spring constant having 
a value greater than that of a silicon micro-cantilever 
used in the AFM. In contact control to detect a repelling 
force where the cantilever is contacted with a sample, 
there is high possibility of damaging the cantilever itself 
or a sample surface. 

[0013] Meanwhile, in non-contact control that a 
samp le-to-canti lever distance is increased as compared 
to that of contact control to microscopically vibrate the 
cantilever and detect modulation due to an attractive 
force acting between the cantilever and the sample sur- 
face, and in dynamic control that a cantilever Is vibrated 
and the cantilever is brought into contact with a sample 
surface to acquire surface information, the heat transfer 
to the recording medium through near-field light is not 
steadily made. Thus, the temperature as a recording 
condition Is impossible to reach. 

DISCLOSURE OF THE INVENTION 

[0014] An information recording apparatus accord- 
ing to the present invention is characterized by compris- 
ing: a probe for producing or scattering near field light; a 



probe access means for causing a tip of the probe to 
access onto a recording medium; a probe scanning 
means for scanning the tip of aid probe over the record- 
ing medium; and a heat radiating means for radiating 
heat through the tip of the probe; wherein the recording 
medium is provided on the surface with a thin film that 
varies in physical properties due to heating the surface. 
[0015] Accordingly, heating can be made from the 
tip of the probe to a microscopic region on a recording 
medium, mal<ing it possible to record information with a 
high density as can be detected and reproduced of near 
field light by a near-field microscope technology. 
[0016] Also, an information recording apparatus 
acconJing to the invention is characterized in that the 
heat radiating means is an electric heating element. 
[001 7] Accordingly, an electric heating element as a 
heater member can be directly arranged as heat radiat- 
ing means on the probe. Thus, efficient heat transfer is 
achieved, making the structure more compact. 
[0018] Also, an information recording apparatus 
according to the invention is characterized in that the 
heat radiating means is a laser light source. 
[0019] Accordingly, by using a laser light source as 
the heat radiating means, the laser spot from the laser 
light source can be freely applied onto the recording 
probe. Because the heating position on the recording 
probe can be freely set, the shape of the recording 
probe is free to select. 

[0020] Also, an information recording apparatus 
according to the invention is characterized in that the 
probe is provided with a microscopic aperture at a tip so 
that laser light from the laser light source can be intro- 
duced toward the microscopic aperture. 
[0021] Accordingly, the use of the probe having the 
microscopic aperture makes it possible to utilize the 
laser light produced from the laser light source used as 
the heat radiating means as optical energy to produce 
near field light, enabling high density recording by near 
field light. 

[0022] Also, an information recording apparatus 
according to the Invention is characterized in that the 
microscopic aperture Is provided with a metal film on 
the surface of the probe except for the tip thereof, 
[0023] Accordingly, because a microscopic aper- 
ture optically sufficiently closed is formed at the record- 
ing probe tip, the laser light emitted from the laser light 
source used as the heat radiating means is utilized with 
higher efficiency as optical energy to produce near field 
light. Thus, high density recording is possible by near 
field light. 

[0024] Also, an information recording apparatus 
according to the Invention is characterized by compris- 
ing: a probe for producing or scattering near field light; a 
probe access means for causing a tip of the probe to 
access onto a recording medium; a probe scanning 
means for scanning the tip of aid probe over the record- 
ing medium; a heat radiating means for radiating heat 
through the tip of the probe; and an auxiliary heat radi- 
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ating means to heat up the recx>rding medium; wherein 
the recording medium is provided on the surface with a 
thin film that varies in physical properties due to heating 

the surface. 

[0025] Accordingly, in addition to heat energy 
offered from the probe tip, the auxiliary heat radiating 
means is provided to heat a microscopic region on a 
recording medium thus enabling infonnation recording 
more positively and higher reliability. 
[0026] Also, an information recording apparatus 
according to the invention is characterized by compris- 
ing: a probe having a sharpened tip; a probe access 
means for causing the tip of the probe to access onto a 
recording medium; a probe scanning means for scan- 
ning the tip of the probe over the recording medium; and 
an illumination light source for illuminating a backside of 
the recording medium and producing near field light on 
a surface of the recording medium; wherein the record- 
ing medium is provided at the surface with a thin film 
that varies in physical properties due to heating the sur- 
face. 

[0027] Accordingly, the sharpened probe tip is 
inserted In a region of near field light produced on the 
surface of a recording medium by illuminating a back- 
side of the recording medium to thereby scatter the near 
field light. By intensified energy caused by a combina- 
tion of the scattering light and the near field light, heat- 
ing is achieved with a sufficient size for recording 
information to the recording medium. Thus, high density 
recording of information is possible as can be detected 
and reproduced of near field light by a near-field mtero- 
scope technology. 

[0028] Also, an information recording apparatus 
according to the invention is characterized in that the 
illumination light source illuminates the surface of the 
recording medium and producing near field light on the 
surface of the recording medium. 
[0029] Accordingly, because near field light is pro- 
duced on the surface of a recording medium by illumi- 
nating the surface of the recording medium as a 
recording surface, high density recording of information 
can be recorded without transmission of illumination 
light through the recording medium, i.e. even onto an 
opaque recording medium for illumination light. 
[0030] A method of recording infomnation is charac- 
terized by comprising: a probe access process of caus- 
ing a tip of a probe for producing or scattering near field 
light to access onto a recording medium; a probe scan- 
ning process of scanning the tip of the probe to a 
desired position on the recording medium; and a heat 
recording process of radiating heat energy through the 
tip of the probe to locally heating up the recording 
medium and recording Infomiation on the recording 
medium. 

[0031 ] Accordingly, microscopic and local heating is 
possible to a desired point on a recording medium by 
heat energy radiated through the probe tip, enabling 
high density recording of information. 



[0032] Also, a method of recording infomiation 
according to the invention is characterized by further 
comprising an auxiliary heating process of auxiliary 
heating the recording medium. 

5 [0033] Accordingly, in addition to the heat energy 
offered through the probe tip, the auxiliary heating proc- 
ess is provided to further heating the region where the 
heat energy is applied. Thus, heating is possible more 
positively in a sufficient size, enabling high density 

10 recording of information with reliability. 

[0034] Furthermore, a method of recording infomia- 
tion is characterized by comprising: an illumination 
process of illuminating the surface of a recording 
medium and producing near field light on the recording 

75 medium; a probe access process of causing a sharp- 
ened tip of a probe to access onto the recording 
medium and recording information on the recording 
medium by locally intensified energy caused due to 
insertion of the tip of the probe in a region of the near 

20 field light; and a probe scanning process of scanning 
the tip of the probe to a desired position on the record- 
ing medium. 

[0035] Accordingly, the recording medium at its 
backside is illuminated to produce near field light on the 

25 surface of the recording medium. The sharpened probe 
tip is inserted in a region of the near field light to scatter 
the near field light. The scattered light and the produced 
near field light are combined to cause intensified energy 
having greater energy. Consequently, sufficient amount 

30 of heating is possible for recording information to the 
recording medium, enabling positive and high density 
recording of information. 

[0036] Furthermore, a method of recording infomna- 
tion according to the invention is characterized in that 
35 the illumination process is to illuminate a backside of the 
recording medium and producing near field light on the 
recording medium. 

[0037] Accordingly, the surface of a recording 
medium as a recording surface is illuminated to produce 

40 near field light on the surface of the recording medium. 
The probe tip Is inserted in a region of the near field light 
to cause intensified energy for achieving greater heat- 
ing. Thus, positive and high density recording of infor- 
mation is made possible even for an opaque recording 

45 medium for illumination light. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0038] 

50 

Fig. 1 is a block configuration diagram of an infor- 
mation recording apparatus according to Embodi- 
ment 1 of the present invention; 
Rg. 2 Is a view showing an embodiment of a micro- 
55 cantilever adopted for the information recording 
apparatus according to the invention; 
Rg. 3 is a view showing another embodiment of a 
micro-cantilever adopted for the information record- 
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ing apparatus according to the invention; 
Rg. 4 is a view showing an embodiment of an aper- 
ture of the micro-cantilever adopted for the Infomna- 
tion recording apparatus according to the invention; 
Fig. 5 is a view showing another embodiment of an 5 
aperture of the micro-cantilever adopted for the 
information recording apparatus according to the 
invention; 

Fig. 6 is a view showing still another embodiment of 
an aperture of the micro-cantilever adopted for the io 
information recording apparatus according to the 
invention; 

Fig. 7 Is a block configuration diagram of an Infor- 
mation recording apparatus according to Embodi- 
ment 2 of the present invention; is 
Fig. 8 is a view for explaining an auxiliary heating 
method by an assist light source of the infomiation 
recording apparatus according to Embodiment 2 of 
the invention; 

Fig. 9 is a view for explaining an auxiliary heating 20 
method by a resistance heater of the information 
recording apparatus according to Embodiment 2 of 
the invention; 

Fig. 10 is a view for explaining an infomnation 
recording method according to Embodiment 3 of 25 
the invention; 

Fig. 11 is a view for explaining an information 
recording apparatus according to Embodiment 3 of 
the invention; 

Fig. 1 2 is a view showing a modification to the infor- 30 
mation recording method according to Embodiment 

3 of the invention; 

Fig. 13 is a view showing a modification to the infor- 
mation recording apparatus according to Embodi- 
ment 3 of the Invention; 35 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0039] Hereunder, embodiments of infomriation 
recording apparatuses according to the present inven- 4o 
tion will be explained in detail based on the drawings. 

[Embodiment 1] 

[0040] Fig. 1 illustrates a block configuration dia- 45 
gram of an information recording apparatus according 
to Embodiment 1 . 

[0041] In Fig. 1, a cantilever type optical probe 1 
has an aperture formed of a material fully transmissive 
of light, e.g. dielectric, and a microscopic aperture 2 so 
provided at a tip thereof. The light from a heater light 
source 4, preferably coherent laser light, Is Introduced to 
the microscopic aperture 2 at a backside of the canti- 
lever type optical probe 1 through an optical system 
formed by a mirror 5 and focusing optical system 6. ss 
Here, the microscopic aperture 2 of the cantilever type 
optical probe 1 has a diameter fully smaller than a wave- 
length of laser light to be introduced, e.g. in a size of 



nearly several tens nano-meters. Also, in the micro- 
scopic aperture 2 the dielectric 15 as an aperture is cov- 
ered with a metal film 16 as shown in Rg. 4. The 
dielectric 15 is formed so that only a tip is exposed in a 
planar state. The exposed tip of the dielectric 1 5 may be 
in a sharpened state as shown in Fig. 5. 
[0042] By Introducing laser light to the microscopic 
aperture of the cantilever type optical probe 1 , near-field 
light is caused at the microscopic aperture 2. The canti- 
lever type optical probe 1 is caused to access by a con- 
ventional AFM technology, i.e. a probe displacement 
detector mechanism 7 and a feedback mechanism 9, to 
include the surface of a recording medium 3 In a region 
of near-field light occurring at the microscopk: aperture 
2. 

[0043] The recording medium 3, for example, is in a 
disk form to be rotated by a rotary mechanism 1 1 . The 
cantilever type optical probe 1 is to be moved together 
with a scan mechanism 8 to a desired location on the 
recording medium 3. Also, the recording medium 3 is 
provided on its surface with a thin film having a property 
capable of recording information by local heating, e.g. a 
phase change film used In a phase change recording 
scheme. Meanwhile, the heater light source 4, the 
probe displacement detector mechanism 7, the scan 
mechanism 8, the feedback mechanism 9, and the 
rotary mechanism 1 1 are controlled by a control mech- 
anism 1 0. 

[0044] The cantilever type optical probe 1 can be 
fabricated in a thin forni with a small spring constant by 
a silicon process, similarly to a conventional micro-can- 
tilever for use in an AFM. This allows for overcoming a 
problem to be encountered in controlling, in contact 
control, an optical fiber probe having a comparatively 
large value of a spring constant used often in the near- 
field microscope as mentioned before. Accordingly, by 
controlling the cantilever type optical probe 1 by contact 
control, the microscopic aperture 2 can be held in a 
state of fully proximity to the recording medium 3. Thus, 
energy of near-field light occurring at the microscopic 
aperture 2 can be transfen-ed onto the recording 
medium 3 with efficiency. 

[0045] Accordingly, near-field light is caused at the 
microscopic aperture 2 by focusing the laser light from 
the heater light source 4 so that the heat energy given 
off by the near-field light can be provided steadily to a 
desired point on the recording medium 3. Thus, it is pos- 
sible to record information with high density in a unitary 
size of nearly the microscopic aperture 2 on a phase 
change film fonned over the recording medium 3. 
[0046] Also, the laser light given off by the laser light 
source can be directly introduced toward the micro- 
scopte aperture of the cantilever type optical probe at 
the backside of the cantilever type optical probe thereby 
reducing a distance of passing through the dielectric of 
the cantilever type optical probe. Consequently, it is 
possible to reduce energy loss of the laser light and 
hence produce at the microscopic aperture near-field 
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light with sufficient energy for causing the phase change 
film to attain a phase shift tennperature. 
[0047] Incidentally, the above explanation used, as 
a recording probe, the optical probe having the micro- 
scopic aperture is used. Alternatively, this may be 
replaced by a conventional micro-cantilever in AFM so 
that the laser light given off by the heater light source 4 
is applied to the micro-cantilever to heat up the micro- 
cantilever itself thereby providing the heat energy radi- 
ated at a tip of the micro-cantilever to the recording 
medium 3. The tip of the micro-cantilever is generally 
finer than a diameter of the microscopic aperture pos- 
sessed by the above optical probe, through which heat 
energy is radiated and localized to nearly a tip size. It is 
therefore possible to record information with high den- 
sity surpassing a recording density of the conventional 
optical memory recording apparatus. 
[0048] Meanwhile, the above-explained method of 
utilizing the light from the heater light source to heat up 
the micro-cantilever is also applicable to the case that, 
in using the above cantilever type optical probe, the opti- 
cal probe at its tip is completely covered by a metal film 
16 as shown in Fig. 6. In this case, the light introduced 
through the dielectric 15 is utilized not to produce near- 
field light but to heat up the metal film 1 6. IHeat energy 
can be radiated through its sharpened tip. 
[0049] Furthermore, in the method of heating the 
micro-cantilever explained above, a heater element 13 
may be an^nged on the micro-cantilever 12 as shown in 
Fig. 2 in place of the structure fomned by the heater light 
source 4, the mirror 5 and the focusing optical system 6. 
The micro-cantilever 12 at its tip is heated up due to the 
heat given off by the heater element 13. Heat energy 
can be radiated through the tip thus obtaining the same 
effect as heating by the heater light source. Also, by 
thus arranging the heater element on the micro-canti- 
lever, it is possible to eliminate the structure having the 
heater light source 4, mirror 5 and the focusing optical 
system 6. Thus, the information recording apparatus 
can be made compact in structure. 
[0050] Furthermore, a heat conductive layer 1 4 may 
be anBnged, as shown in Fig. 3, between the micro- 
cantilever 12 and the heater element 13 in Fig. 2. The 
heater element 13, even if placed not on the tip of the 
micro-cantilever but in a position distant from the tip, will 
not result in loss of thermal conductivity owing to the 
heat conductive layer 14. Further, a small spring con- 
stant of the micro-cantilever 12 Is utilizable. 
[0051] Furthermore, the micro-cantilever itself may 
be formed as a heater element so that the heater ele- 
ment 13 and the heat conductive layer 14 be eliminated. 

[Embodiment 2] 

[0052] Rg. 7 Illustrates a block configuration dia- 
gram of an information recording apparatus according 
to Embodiment 2. Incidentally, the parts common to 
those of Fig. 1 are denoted by the same reference 



numerals. 

[0053] In Fig. 7, an optical fiber probe 21 is adopted 
as a recording probe having, at a tip thereof, a not- 
shown microscopic aperture to which light given off by a 

5 heater light source 4, preferably coherent laser light, is 
Introduced through a condensing optical system 6. The 
microscopic aperture of the optical fiber probe 21 herein 
has a diameter sufficiently smaller than a wavelength of 
laser light to be introduced, e.g. in a size of nearly sev- 

10 eral tens nano-meters. Furthermore, the optical fiber 
probe 21 is in an L form directed toward the surface of a 
recording medium 3. Because of handlability alike a 
conventional AFM cantilever, it is convenient in utilizing 
an AFM technology. 

75 [0054] The microscopic aperture of the optical fiber 
probe 21 when introduced with laser light causes near- 
field light at its microscopic aperture part. Also, the opti- 
cal fiber probe 21 is caused to access such that the sur- 
face of the recording medium 3 is included in a near- 

20 field light region at the microscopic aperture part by the 
conventional AFM technology, that is, the probe dis- 
placement detector mechanism 7 and the feedback 
mechanism 9. 

[0055] The recording medium 3 is provided, on the 

25 surface, with a thin film having a physical property capa- 
ble of recording information due to local heating up, e.g. 
a phase change film used in a phase change recording 
scheme, as was explained in Embodiment 1 . 
[0056] In the above structure, the optical fiber probe 

30 21 is selectively moved over the recording medium 3 to 
provide heat energy given off by the near-field light 
caused at the microscopic part of the optical fiber probe 
21 locally to the phase change film formed on the 
recording medium 3. However, the energy due to the 

35 near-field light produced by passing through the optical 
fiber probe does not have a sufficient intensity for reach- 
ing a phase shift temperature of the phase change tilm. 
[0057] Accordingly light, preferably coherent laser 
light, is locally applied, at a backside of the recording 

40 medium 3, to a point having the microscopic aperture of 
the optical fiber probe 21 . This assists to heat up the 
phase change film area where the microscopic aperture 
is located. In Fig. 7, the laser light from an assist light 
source 22 is applied through an optical system fomied 

45 by a mirror 23 and condensing optical system 24 to the 
backside of the recording medium 3, thereby giving 
assistance to heating-up. 

[0058] This complements the insufficiency of 
energy in reaching of the phase change film to the 

50 phase shift temperature as encountered where provid- 
ing only heat energy due to the near-field light produced 
at the microscopic aperture part. Thus, high density of 
infomiation recording is achieved on the phase change 
film fomned on the recording medium 3. Incidentally, it is 

55 preferred to making the amount of heating by near-field 
light, or the intensity of laser light for causing near-field 
light, to as small as possible with respect to the amount 
of heating by the assist light source, or the intensity of 
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laser light at the assist light source. This mal<es it possi- 
ble to reduce the intensity of laser light to be introduced 
to the optical fiber probe 21 , preventing the microscopic 
aperture part fronn being defonned or damaged due to 
laser-light heating. Furthemnore, because the optical 
system for the assist light source is arranged on a back 
side of the recording medium, the recording medium in 
its surface Is to be effectively utilized. 
[0059] In the above explanation, the assist light 
source and its optical system were arranged on the 
back side of the recording medium wherein the laser 
light from the assist light source is to be applied to a 
point on the backside of the recording medium opposed 
to the microscopic aperture of the recording probe. 
Alternatively, as shown in Fig. B, the assist light source 
and the focusing optical system may be arranged on the 
surface side of the recording medium so that the laser 
light from the assist light source can be applied to a 
desired point of the recording medium. In this case, 
because the assist light source and focusing optical 
system are arranged only on the surface side of the 
recording medium, the apparatus structure is made 
compact thus effectively utilizing the backside of the 
recording medium. 

[0060] It should be noted that an optical fiber, a light 

guide or the like is to be appropriately selected in place 
of the optical system structured by the mirror 23 and the 
focusing optical system 24. 

[0061] Furthermore, in place of the assist light 
source 22 to assist heating the recording medium, a 
resistance heater 25 may be an^nged as shown in Fig. 
9 such that the heat energy on the resistance heater 25 
be radiated to a desired recording point. In this case, ft 
is possible to replace the resistance heater 25 with 
heating means such as an infrared-ray lamp or heat 
conversion element. 

[0062] Incidentally, in Embodiments 1 and 2 
described above, the infomriation recorded on the 
recording medium can be reproduced, for example, by a 
near-field tight detection technology for the near-field 
microscope, i.e. a method that near-field light localized 
on a recording medium is scattered into scattered light 
to be detect in intensity change or phase change. 

[Embodiment 3] 

[0063] Fig. 10 is a figure for explaining an infomria- 
tion recording method with an infomnation recording 
apparatus according to Embodiment 3. 
[0064] In Fig. 1 0, a recording probe 26 has a sharp- 
ened tip, e.g. a micro-cantilever for use in AFM or a 
probe used in STM (Scanning Tunnel Microscope). In 
particular, a metal probe is preferred. Meanwhile, a 
recording medium 3 is formed, for example, with a 
phase change film for use in a phase change scheme 
as was explained in Embodiment 1. 
[0065] Laser light 28, preferably coherent, is 
applied toward a backside of the recording medium 3 to 



cause near-field light 29 on a surface of the recording 
medium 3. The laser light 28 herein is preferably applied 
under a total reflection condition to the backside of the 
recording medium 3, so as not to cause transmissive 

5 light thereof on the surface of the recording medium 3. 
[0066] The recording probe 26 at its tip is inserted 
in a region of near-field light localized on the surface of 
the recording medium 3 and caused to access a desired 
point on the recording medium 3, This causes the near- 

10 field light 29 to scatter at the tip of the recording probe 
26, producing scattered light (propagation light). This 
propagation light has energy having an intensity distri- 
bution greater in a vicinity of the tip of the recording 
probe 26. Due to this, an intensified energy region 30 is 

IS caused overlapped with the energy given off by the 
localized near-field light 29 in a desired point on the 
recording medium 3 accessed by the tip of the recording 
probe 26. The intensified energy region 30 provides to 
the phase change film with heating reaching a phase 

20 shift temperature in a desired point on the recording 
medium 3 as could not be attained by the energy of only 
near-field light. Thus, high density of infomnation record- 
ing is made possible on the recording medium 3. 
[0067] To reproduce the information recorded by 

25 the intensified energy region 30, laser light 28 compara- 
tively weak in Intensity is applied to the backside of the 
recording medium 3 such that the Intensified energy 
region 30 In the Information recording as mentioned 
above has such an intensity that the phase change film 

30 is not to reach the phase shift temperature. The laser 
light 28 comparatively weak in intensity produces near- 
field light 29 having similarly comparatively weak inten- 
sity. The recording probe 26 at the tip is inserted in a 
region of the produced near-field light 29 to scatter the 

35 near-field light 29, thereby obtaining scattered light 
(propagation light) 31. The obtained propagation light 
31 Is guided to a not-shown photodetector by the focus- 
ing optical system 27. Accordingly, a recording state of 
information is determined in a point on the recording 

40 medium 3 accessed by the tip of the recording probe, 
from an intensity or phase of the propagation light 31 . 
Thus, the reproduction of the Infomnation recorded on 
the recording medium 3 is achieved. 
[0068] Fig. 11 illustrates a block configuration dia- 

45 gram of an information recording apparatus for practic- 
ing information recording explained in Fig. 10. 
Incidentally, the parts common to those of Rg. 1 are 
denoted by the same reference numerals. 
[0069] In Fig. 1 1 , a cantilever type optical probe 35 

50 is adopted as a recording probe. A control system for 
causing the cantilever type optical probe 35 at Its tip to 
access a recording medium, i.e. a probe displacement 
detector mechanism 7, a scan mechanism 8, a feed- 
back mechanism 9 and a rotary mechanism 11, are 

55 controlled by a control mechanism 1 0, similarly to a con- 
ventional AFM technology as was explained in Embodi- 
ment 1. 

[0070] To record information to a recording medium 
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3 provided on the surface with a phase change film, a tip 
of the cantilever type optica) probe is positioned in a 
desired recording position on the recording medium 3 
and caused to access the recording medium 3. Subse- 
quently, the laser light given off by a laser light source 
34 is applied toward a bacl^side of the recording 
medium 3, particularly to a desired recording point on 
the surface of the recording medium 3, preferably under 
a total reflection condition to the baclcside of the record- 
ing medium 3. The laser light 28 produces near-field 
light on the recording medium 3. The cantilever type 
optical probe 35 accessed to the recording medium 3 is 
inserted at its tip In a region of the produced near-field 
light. This produces intensified energy region men- 
tioned before, thus achieving local heating in a desired 
point on the recording medium 3 and hence recording 
information onto the recording medium 3. 
[0071] Incidentally, the above recording control of 
infonnation uses the feedback mechanism 9 capable of 
controlling the position of the cantilever type optical 
probe 35 in a Z direction. In a recording point, the canti- 
lever type optical probe 35 at its tip is caused to access 
very closely to an surface of the recording medium 3 
thus carrying out recording. In a non-recording point, 
the cantilever type optical probe 35 is put lifted. 
[0072] Alternatively, the light source 34 may be con- 
nected to control the illumination timing of laser light 28 
thereby illuminating laser light 28 at desired timing, i.e. 
at a time that the cantilever type optical probe 35 at its 
tip Is positioned at a recording point on the recording 
medium 3. When positioned in a non-recording position, 
laser light 28 will not be applied. This also makes possi- 
ble to record information. In this case, in particular, there 
is no necessity of contacting the tip of the cantilever type 
optica) probe 35 with the recording medium 3 at all 
times. Accordingly, non-contact control and dynamic 
control as stated before can be adopted for z-axis con- 
trol of the cantilever type optical probe 35 by the feed- 
back mechanism 9. 

[0073] To reproduce the information recorded as 
above, as stated before laser light 28 weaker in intensity 
as compared to the case of recording is applied to a 
backside of the recording medium 3 thereby producing 
near field light comparatively weak in intensity on the 
surface of the recording medium 3. The cantilever type 
optical probe 35 at its tip is positioned in an infonnation 
reproducing point by the above-stated control system. 
The cantilever type optical probe 35 at its tip is inserted 
in a region of the produced near-field light to scatter the 
near-field light. The obtained scattering light (propaga- 
tion light) 31 is guided by a focusing optical system 32 to 
a photodetector 33. Through a control mechanism 1 0, a 
not-shown signal processing part detemilnes an infor- 
mation recording state in a desired reproducing state, 
i.e. in a position on the recording medium 3 where the 
cantilever type optical probe 35 at its tip accesses. 
[0074] Meanwhile, Fig. 12 and Fig. 13 are figures 
illustrating modifications to the information recording 



methods and infonnation recording apparatuses there- 
for as explained in Fig. 1 0 and Fig. 1 1 . Incidentally, the 
parts common to those of Rg. 10 and Rg. 11 are 
denoted by the same reference numerals. 

5 [0075] In Fig. 12, only an illumination direction of 
laser light 28 is different from the explanation In Fig. 1 0. 
Laser light 28 Is applied to the surface of a recording 
medium 3 and toward a desired recording point thereof, 
thereby producing near-field light 29 at and around the 

10 desired recording point. The operation of infonnation 
recording and reproducing of the produced near-field 
light 29 is similar to the explanation in Fig. 10 stated 
above, and explanation thereof will be omitted herein. 
Meanwhile, Fig. 13 Is different from the explanation of 

15 Fig. 1 1 only in that a laser light source 34 is an^nged on 
the surface side of a recording medium 3 to apply laser 
light 28 to the surface of the recording medium 3 and 
toward a desired recording point thereof. The operation 
in information recording and reproducing with near-field 

20 light produced by applying laser light 28 to the surface of 
the recording medium 3 and toward a desired recording 
point to reproducing near-field light at and around the 
desired recording point thereof is similar to the explana- 
tion in Rg. 1 1 as stated above, and explanation thereof 

25 being omitted similarly to Fig. 12. 

[0076] Accordingly, information recording is possi- 
ble also by applying laser light 28 to the surface of the 
recording medium 3, i.e. to a recording surface. Particu- 
larly, in this case, there is no necessity of transmission 

30 of laser light Into the recording medium. Hence, Infor- 
mation recording is feasible for a recording medium not 
sufficiently transmissive of laser light. 
[0077] In all the embodiments explained above, 
contact control, non-contact control, dynamic control or 

35 the like is possible to adopt for control in making the 
recording probe to access and scan a recording 
medium. Besides, the recording probe at its tip may be 
merely contacted with a recording medium by an 
extremely smalt force without conducting feedback con- 

40 trol. 

INDUSTRIAL APPLICABILITY 

[0078] As explained above, according to the 
45 present invention, a material changeable in heated part 
property is adopted as a recording medium. The appa- 
ratus is structured such that the probe tip used in a 
near-field microscope is positioned over the recording 
medium to radiate heat through the probe. Due to this, 
50 heating is possible to a microscopic region on the 
recording medium. Thus, high density recording of infor- 
mation can be made as can be detected and repro- 
duced of near-field light by the near-field microscope 
technology 

55 [0079] Also, the use of a heater element as the heat 
radiating means makes it possible to directly arrange 
the heater element on the recording probe, achieving 
efficient heat transfer and making the apparatus struc- 
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ture more compact. 

[0080] Also, the use of a laser light source as the 
heat radiating means makes it possible to freely set a 
position of heating illumination to the recording probe. 
Because a cantilever small in spring constant used in 
the conventional AFM can be used, the probe tip can be 
accessed to the surface of the recording medium by 
contact control as in the AFM technology, thus increas- 
ing an amount of heat to the recording medium. 
[0081] Also, the use of a probe having a micro- 
scopic aperture makes it possible to utilize the laser 
light emitted from a laser light source used as the heat 
radiating means as optical energy to produce near-field 
light. Thus, higher density of recording is possible by uti- 
lizing, as themial energy, near-field light having energy 
in a microscopic region. 

[0082] Also, because the surface excepting the 
probe tip is coated with a metal film, the laser light emit- 
ted from a laser light source used as the heat radiating 
means can be guided to the microscopic aperture opti- 
cally sufficiently closed. Further, the laser light can be 
utilized with higher efficiency as optical energy to pro- 
duce near-field light. Thus, high density recording of 
infonnation can be made more positively and with 
higher reliability. 

[0083] Also, in addition to the thermal energy 
offered through the probe tip, an auxiliary heat radiating 
means is provided for heating to a microscopic region 
as a recording position on the recording medium. Con- 
sequently, the Increase in amount of heating to the 
recording medium is achieved thus enabling recording 
of information more positively and with higher reliability. 
[0084] Also, the sharpened probe tip is inserted in a 
region of the near-field light produced on a recording 
medium by illuminating a backside of the recording 
medium to thereby scatter the near-field light. The scat- 
tered light and the near-field light are combined to 
cause intensified energy thereby achieving sufficient 
amount of heating to the recording medium for record- 
ing infonnation. Consequently, high density recording of 
information can be made as can be detected and repro- 
duced of near-field light by the near-field microscope 
technology Further, easily realized is the utilization as 
an information reproducing apparatus to reproduce 
information so recorded. 

[0085] Also, the surface of a recording medium as a 
recording surface is illuminated to produce near-field 
light on the surface of the recording medium, obtaining 
intensified energy. By the intensified energy, localized 
heating to the recording medium, I.e. information 
recording. Is achieved. Consequently, high density 
recording of infonnation is made possible without trans- 
mission of illumination light through the recording 
medium upon producing near-field light, i.e. even for an 
opaque recording medium for illumination light. 
[0086] Also, the probe tip used in a near-field micro- 
scope is accessed to a recording medium to scan the 
probe tip to a desired position on the recording medium. 



Heat energy is radiated through the probe tip to locally 
heat the recording medium, thereby enabling micro- 
scopic and localized heating and hence high density 
recording of information. 

5 [0087] Also, in addition to the heat energy offered 
through the probe tip, an auxiliary heating process is 
provided for further heating to the region where the heat 
energy is radiated, enabling sufficient amount of heating 
more positively and hence high density recording of 

70 infonnation with higher reliability. 

[0088] Also, a backside of a recording medium is 
illuminated to produce near-field light on the surface of 
the recording medium. The sharpened probe tip is 
inserted in a region of the produced near-field light to 

15 scatter the near-field light. The scattered light and the 
produced near-field light are combined to cause intensi- 
fied energy having greater thermal energy, enabling suf- 
ficient amount of heating for recording information to the 
recording medium and hence high density recording of 

20 information positively. 

[0089] Also, the surface of a recording medium as a 
recording surface is illuminated to produce near-field 
light on the surface of the recording medium. The probe 
tip is inserted in a region of the near-field light to cause 

25 intensified enerigy to achieve greater amount of heating 
to the recording medium. Thus, positive and high den- 
sity recording of infonnation is made possible even for 
an opaque recording medium for illumination light. 

30 Claims 

1. An information recording apparatus comprising: 

a probe for producing or scattering near field 

35 light; 

a probe access means for causing a tip of the 
probe to access onto a recording medium; 
a probe scanning means for scanning the tip of 
the probe over the recording medium; and 

40 a heat radiating means for radiating heat 

through the tip of the probe; 
wherein the recording medium is provided on 
the surface with a thin film that varies in physi- 
cal properties due to heating the surface. 

45 

2. An information recording apparatus according to 
claim 1, wherein the heat radiating means is an 
electric heating element. 

50 3. An information recording apparatus according to 
claim 1 , wherein the heat radiating means is a laser 
light source. 

4. An information recording apparatus according to 
55 claim 3, wherein the probe is provided with a micro- 
scopic aperture at a tip so that laser light from the 
laser light source can be introduced toward the 
microscopic aperture. 
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5. An information recording apparatus according to 
claim 5, wherein the microscopic aperture is pro- 
vided with a metal film on the surface of the probe 
except for the tip thereof. 

6. An infonnation recording apparatus according to 
any one of claims 1 to 5, further including auxiliary 
heat radiating means to heat up the recording 
medium. 

7. An information recording means comprising: 

a probe having a sharpened tip; 
a probe access means for causing the tip of the 
probe to access onto a recording medium; 
a probe scanning means for scanning the tip of 
the probe over the recording medium; and 
an illumination light source for illuminating a 
backside of the recording medium and produc- 
ing near field light on the surface of the record- 
ing medium; 

wherein the recording medium is provided on 
the surface with a thin film that varies in physi- 
cal properties due to heating the surface. 

8. An information recording apparatus according to 
claim 7, wherein the illumination light source illumi- 
nates the surface of the recording medium and pro- 
ducing near field light on the surface of the 
recording medium. 

9. A method of recording information comprising: 

a probe access process of causing a tip of a 
probe for producing or scattering near field light 
to access onto a recording medium; 
a probe scanning process of scanning the tip of 
the probe to a desired position on the recording 
medium; and 

a heat recording process of radiating heat 
energy through the tip of the probe to locally 
heating up the recording medium and record- 
ing information on the recording medium. 

10. A method of recording Information according to 
claim 9, further comprising an auxiliary heating 
process of auxiliary heating the recording medium. 

11. A method of recording infonnation including: 



a region of the near field light; and 

a probe scanning process of scanning the tip of 

the probe to a desired position on the recording 

medium. 

12. A method of recording infonnation according to 
claim 11, wherein the illumination process Is to Illu- 
minate a backside of the recording medium and 
producing near field light on the recording medium. 



20 



25 



30 



35 



40 



45 



an illumination process of illuminating the sur- 
face of a recording medium and producing near 
field light on the recording medium; 
a probe access process of causing a sharp- 
ened tip of a probe to access onto the record- 55 
Ing medium and recording information on the 
recording medium by locally intensified energy 
caused due to insertion of the tip of the probe in 
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